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The studies exploring ecophysiological responses of plants to climate showed that 80 ecophysiological traits are often highly plastic. Approximately in half of the cases, also genetic 81 differentiation between populations has been detected. Some traits (e.g. stomatal traits) tend to show 82 significant genetic differentiation, but no plasticity. Despite the accumulated knowledge on plasticity 83 and genetic differentiation of the ecophysiological traits, it is not clear how the changes in these traits 84 All studies focusing on phenotypic plasticity vs. genetic differentiation in ecophysiological traits 91 described above used plant populations growing either along temperature or precipitation gradients, and 92 nothing is known on their interactions. Nevertheless, the interaction between these factors is also very 93 translated into plant fitness. We used wide-spread clonal grass, Festuca rubra, as a model for the study. 122 F. rubra is important dominant species of many grassland systems and clonal reproduction represents 123 very important strategy for many grassland species. By exploring this species, we are likely to 124 understand responses of the major components of many ecosystems especially in higher elevations. 125
Specifically, we aim to answer the following questions: (1) What is the relative importance of 126 phenotypic plasticity, genetic differentiation and their interactions for the ecophysiological traits? (2) 127
Can we identify signs of local adaptation, i.e. do plants perform better in their home conditions? (3) 128
How do the plants respond to specific changes in climatic conditions and what is the relative importance 129 of change in temperature and precipitation and their interaction? (4) Is there any relationship between 130 ecophysiological traits and fitness, i.e. does selection play a role in the ecophysiological traits, and does 131 this relationship depend on climate? 132
We hypothesized that: (1) both genetic differences and plasticity will contribute to variation in 133 the ecophysiological trait response to climatic gradients and their change, with interactions between 134 conditions of plant origin and of its actual growth indicating that the ability to respond to climate change 135 varies across the species' climatic niche as previously shown for growth and fitness related traits in the 136 same system (Munzbergova et al. 2017).
(2) Climate of origin exerts strong selection pressure on the 137 local populations. Therefore, we expect that mainly in the ecophysiological traits showing strong genetic 138 differentiation between populations, local adaptation will be detected. contained 25 genotypes of F. rubra hexaploids originating from each locality except alpine locality with 496 1400 mm of precipitation ( Fig. 1) , where no F. rubra hexaploids were available. Each genotype was 497 vegetatively reproduced to gain four ramets from each genotype (to have 4 × 25 ramets from each 498 population). The ramets were planted into pots 5 × 5 × 8.5 cm into a mixture of common garden soil 499 and sand in 1:2 ratio. The pots were divided into 4 groups so that one ramet from each genotype was 500 represented in each group. Thus, in each group there were 11 populations × 25 genotypes, i.e. 275 ramets 501 resulting in 1100 ramets in total. Pots within each group were fully randomized and moved to a growth 502 chamber. We randomized the position of the pots in the growth chambers monthly. The plants grew in 503 the growth chambers for 176 days. 504
The plants were cultivated in four growth chambers (Vötch 1014) under conditions simulating 505 the field situation in the spring (second half of April -second half of June). The regimes were derived 506 from temperature course in the four extreme localities (wettest and driest combined with warmest and 507 coldest) but respecting technical possibilities of the growth chambers and thus avoiding night frosts. 508
The temperatures in the growth chambers differed between the cold and warm treatments and changed 509 over the growing season following the course of temperature at the natural localities. The course of 510 temperatures during the growth chamber experiment is shown in supplementary material (Table S2) . The plants grew in the growth chambers for 176 days. After this time, we measured the ecophysiological 516 photosynthesis-related traits: net photosynthetic rate (PN), maximum efficiency of photosystem II 517 photochemistry (parameter Fv/Fm), specific leaf area (SLA), osmotic potential, stomatal density and 518 stomatal length. At the same time, growth-related traits serving as proxies of fitness (number of ramets, 519 belowground biomass and aboveground biomass) were measured for a previous study (Münzbergová et 520 al. 2017 ). Here, we used these growth-related traits to assess phenotypic selection of the 521 ecophysiological traits (see below). 522
Net photosynthetic rate (PN), defined as the total rate of photosynthetic CO2 fixation, was 523 measured using an infra-red gas analyzer LI-6400 (LI-COR, Lincoln, Nebraska, USA). The 524 measurements were done at 25° C ±2° C and minimum 55% of relative humidity. LI-COR was set at 525 light intensity of 1600 μmol m −2 s −1 , air flow rate 300 µmol s -1 and CO2 concentration of 400 ppm. Each 526 plant was measured for at least 25 minutes to ensure that the stomatal conductance is stabilized. Because 527 these measurements are very time consuming, they were done using randomly chosen 10 plants 528 originating from each of the most extreme localities: wettest and driest combined with warmest and 529 coldest, i.e. 40 plants in each growth chamber, i.e. 160 plants in total. Final PN is expressed per unit area 530 (mm 2 ). To verify that time of day had no effect on measurement, several plants were pre-experimentally 531 measured three times during a day -in the morning, at midday and in the afternoon. 532 SLA was calculated as a ratio of leaf area (mm 2 ) to dry mass (mg). Leaf area was calculated on 533 scanned folded leaves (as Festuca leaves are naturally folded and are often hard to unfold) multiplied 534 by two to acquire real area of the leaves. We used the same reduced sample as for PN measurements. 535 This is because the leaf area data primarily served for calculating the PN, as described above. 536
Maximum photosystem II (PSII) efficiency -Fv/Fm was measured using FluorPen FP-100 537
MAX/USB (Photon System Instruments, Czechia) in dark-acclimated (1 h) plants (Maxwell and 538
Johnson 2000). 539
Osmotic potential was determined psychrometrically from leaf sap using dew point 540 microvoltmeter Wescor HR-33T (Wescor, Inc., USA) with C-52 sample chambers. 541
Stomatal density and stomatal length were measured on epidermal imprints made by applying 542 nail polish on a fresh leaf surface and gently peeled from the surface using transparent adhesive tape 543 after polish hardening (Gitz et Baker 2009). The impressions were mounted on microscope slides with 544 the transparent adhesive tape. Stomatal density was counted as an average of three non-overlapping 545 areas (each 500 × 500 µm). Each counting area was in contact with margin of the leaf. From each of 546 these three areas, three stomata were randomly chosen, and their length was measured, resulting in 9 547 measured stomata per sample. Stomatal density and stomatal length were measured on samples of all 548
localities, but we randomly selected only 10 plants from each locality. The selection of plants originating 549 from the most extreme localities was kept according to selection for measurement of net photosynthetic 550 rate and SLA. 551 552 Data analysis 553 7 All tests were done using mixed effect models with clone identity as a random factor. If it was necessary, 554 data were transformed to fit the assumptions of normality and homogeneity of variance. For all the 555 dependent variables, the tests assume Gaussian distribution of the dependent variable, except for Fv/Fm 556 assuming Gamma distribution. Significance was derived from LR-tests (likelihood ratio tests of 557 goodness of fit (Bolker 2009)). Mixed effect models were processed with R (version 3.3.2) using lme4 558 package (Bates et al. 2015) . 559
For all tests, we used sequential Bonferroni correction (Rice 1989) as we used 6 different traits 560 measured on the same experimental plants. Because the necessity to use the correction is ambiguous (as 561 described in (Munzbergova et al. 2017)), we decided to illustrate results both with and without this 562 correction. 563 564
Effects of target and original conditions 565
Data analyses used the same strategy as a previous study on growth and foraging related traits of the 566 same plants in the same system (Munzbergova et al. 2017). We tested the effect of original conditions, 567 target conditions (i.e. conditions of cultivation in the growth chambers) and their interactions on all the 568 ecophysiological traits. For this purpose, we coded the temperature of origin according to the mean 569 temperature of the four warmest months at the original localities as 6.5, 8.5 and 10.5 °C and the 570 precipitations of origin with respect to the mean annual precipitation at the original localities as 600, 571 1300, 2000 and 2700 mm. The target conditions in the growth chambers were coded in the same way as 572 6.5 and 10.5 °C for temperature and 600 and 2700 mm for precipitation regime. The significant effect 573 of target conditions indicates plasticity in the traits of the plants, the effect of origin indicates genetic 574 differences between plant populations originating from different climatic conditions and the interaction 575 between target and origin indicates genetic differentiation in plasticity. For net photosynthetic rate, 576 additional analysis with time of measurement as covariate was done to check the influence of measuring 577 time on the results. The time had no significant effect on the results, thus it is not used in further analyses. 578
The analyses described above were done on different numbers of observations, which depended 579 on number of measured samples for each trait. To assess the effect of sample size on the results, we 580 made additional analyses with reduced numbers of samples (160) according to the traits with the lowest 581 number of samples (net photosynthetic rate and SLA). These analyses are shown in supplementary 582 materials (Table S1 ). Relative importance of local and target conditions was determined as the 583 proportion of total deviance explained in the data. 584 585
Local adaptation 586
To study signatures of local adaptation, local vs. foreign criterion was used (Kawecki and Ebert 2004). 587
This criterion presume that the plants prosper better in their home conditions compared to foreign 588
conditions. For this test, the plants grown in the same temperature or moisture as they had in original 589 localities were marked by 1. Plants that grew in foreign conditions were marked by 0. Here, we tested 590 8 the effect of local vs. foreign temperature, moisture and their interaction on all the ecophysiological 591 traits. 592 593
Directionality in environmental change responses 594
Then, we explored how the plants respond to the directionality of climate change between the original 595 localities and the growth chambers. To assess the directionality of climate change, we subtracted the 596 codes for original localities from codes for target conditions. It resulted into new codes (-2100 mm to 597 2100 mm for moisture and -4 °C to 4°C for temperature). The negative values indicate transplantation 598 to colder or drier conditions in the growth chamber, while the positive values indicate transplantation to 599 warmer or wetter conditions. Zero indicates plants grown in their home conditions. We tested the effect 600 of differences in temperature, moisture and their interactions. 601 602
Relationship between ecophysiological traits and relative fitness 603
We tested phenotypic selection of ecophysiological traits by regressing them against traits representing 604 plant fitness. Specifically, we used three growth-related traits (number of ramets and aboveground and 605 
Effect of target conditions 624
Target conditions (conditions in the growth chambers) significantly affected all the measured traits ( Fig.  625 2, Table 1 ). The strongest effect of target conditions was found in net photosynthetic rate (PN), specific 626 leaf area (SLA), maximum photosystem II efficiency (Fv/Fm) and osmotic potential explaining more 627 than 70% of explained deviance in these traits (Fig. 2) . Specifically, target temperature and moisture 628 9 affected PN, Fv/Fm, SLA and stomatal length. Stomatal density did not respond to their separate effects, 629 but only to their interaction. Osmotic potential was not affected by target moisture, but it was affected 630 by the target temperature (Table 1 ). In general, the plants in dry growth chambers had higher values of 631 PN, Fv/Fm, SLA, and stomatal length ( Fig. S1A, B , C, F). The plants in warm growth chambers had 632 higher Fv/Fm, SLA, osmotic potential, and stomatal length. Only PN was higher in cold growth 633 chambers. 634
We found significant interactions between target temperature and moisture in all traits (Table  635 1). Specifically, PN and SLA increased with increasing temperature in wet growth chambers, while 636 decreased with temperature in dry growth chambers. Fv/Fm also increased with increasing temperature 637 and the increase was stronger in wet growth chambers (Fig. S1A, C) . Osmotic potential increased with 638 increasing temperature in wet growth chambers and did not change with temperature in dry growth 639 chambers (Fig. S1D) . Stomata density and length were constant in wet growth chambers, while in dry 640 growth chambers stomatal density decreased and stomatal size increased with temperature ( Fig. S1E , 641 F). All target conditions effects were significant after applying the Bonferroni correction, except the 642 effect of target moisture on stomatal length (Table 1 ). In the analyses with reduced sample size (Table  643 S1), there was additional significant effect of moisture on osmotic potential. On the other hand, 644 previously significant effect of interaction between target temperature and moisture on osmotic 645 potential, stomatal density and stomatal length became non-significant (Table 1, Table S1 ). 646 647
Effect of original conditions 648
Original climate significantly affected Fv/Fm, stomatal density, and stomatal length ( Table 1) . The 649 strongest effect of original conditions was found in stomatal density, stomatal length and osmotic 650 potential (Fig. 2) . Specifically, increasing original temperature negatively affected stomatal density (Fig.  651 S1E) and positively stomata length (Fig. S1F ). Original moisture did not have any significant effect 652 (Table 1) . Interaction between original temperature and moisture affected Fv/Fm and stomatal density 653 ( Fig. 2, Table 1 ). Stomatal density as well as Fv/Fm increased with increasing moisture in cold 654 conditions, while it decreased in warm conditions (Fig. S1B, E) . After applying the Bonferroni 655 correction, the effect of original conditions remained significant for stomatal density only. The 656 significant effects of original conditions remained the same in analyses on the reduced number of 657 samples (Table S1) . 658 659
Interaction between target and original conditions 660
Two significant interactions between original and target conditions were found (Table 1) , but the 661 strength of these interactions was lower than the strength of the main effects (Fig. 2) . Specifically, 662 osmotic potential was affected by interaction between original and target moisture, and stomatal length 663 by interaction between original and target temperature (Fig. 2, Table 1 ). Osmotic potential of plants 664 originating from drier localities decreased when shifted to wet conditions. In contrast, it decreased in 665 plants coming from wetter localities with shifting to drier conditions (Fig. S1D ). Stomatal density of 666 10 plants coming from cold climate differed more from other plants in warm growth chambers than in cold 667 growth chambers (Fig. S1E ). Nevertheless, none of these effects remained significant after applying 668
Bonferroni correction (Table 1) . Results of analyses with reduced sample size were different from full-669 size analyses (Table 1, Table S1 ). In the reduced analyses, interaction between original and target 670 temperature had no effect on stomatal length but on stomatal density. Osmotic potential was not affected 671 by interaction between original and target moisture. In addition, there was significant interaction 672 between original temperature and target moisture as well as between original moisture and target 673 temperature on Fv/Fm (Table S1) . 674 675
Signs of local adaptation 676
Difference between local and foreign conditions was significant for osmotic potential and for stomatal 677 length. Osmotic potential depended on local/ foreign moisture, and stomatal length was affected by 678 interaction between local/ foreign temperature and moisture (Table S3 ). Specifically, plants growing in 679 foreign moisture had lower osmotic potential than plants growing in local moisture (Fig. S3A ). Plants 680 growing in local temperature and moisture had shorter stomata than in other combinations (Fig. S3B) . 681
Difference between local and foreign conditions was not significant for any trait after applying 682
Bonferroni correction (Table S3 ). 683
684

Directionality in environmental change responses 685
In all traits except stomatal length, significant effect of changing conditions was detected. Specifically, 686 raising temperature had significant positive effect on SLA, Fv/Fm, and osmotic potential, but negative 687 effect on PN (Fig. S2A, B , C). Rising moisture had significant negative effect on PN, Fv/Fm, SLA and 688 stomatal density (Table 2, Fig. S2A , B, C, D). 689
Interaction between change in temperature and moisture was significant for PN, SLA and 690 osmotic potential (Table 2 ). In case of PN, with shifting to drier conditions the values were generally 691 higher and decreased with increasing temperature, while with shifting to wetter conditions the values 692 were generally lower and independent of temperature ( Fig. S2A ). SLA decreased with the temperature 693 when moisture was reduced, while SLA increased with increased moisture in increased temperature 694 ( Fig. S1C) . Osmotic potential increased with temperature in wetter climate, while temperature did not 695 play any role in drier climate (Fig. S1D ). All effects were still significant after applying Bonferroni 696 correction, except effect of difference in moisture on stomatal density (Table 2) . 697 698
Relationship between ecophysiological traits and relative fitness 699
The phenotypic selection analysis showed several significant selection gradients, suggesting 700 relationship between ecophysiological traits and fitness-related traits. The results strongly differ 701 between traits as well as between specific target conditions (Table 3) . Overall, the directional selection 702 expressed using selection gradients was very weak in wet target conditions, where we only found a 703 significant negative relationship between PN and belowground biomass, and positive relationship 704 between stomatal length and belowground biomass. In dry-cold conditions, we found significant 705 negative relationship between PN and aboveground biomass. Warm-dry conditions were found to be the 706 most selective. Here we detected significant positive relationship of SLA, osmotic potential and stomatal 707 density with ramets number, and significant negative relationship between osmotic potential and 708 aboveground biomass. Only 3 out of 9 results were still significant after Bonferroni correction 709 (relationship between SLA and osmotic potential and ramet number in warm and dry conditions, and 710 relationship between stomatal length and belowground biomass in cold and dry environment, Table 3 ). 711
In contrast to directional selection gradients, 10 additional relationships became significant 712 when calculating selection differentials (Table 3) . Mainly, these are the relationships between fitness 713 proxies and osmotic potential or Fv/Fm (8 out of 10). In contrast to directional selection gradients, 714 osmotic potential was positively selected in all growth conditions when estimating selection as selection 715 differentials. Fv/Fm was positively related to belowground biomass in cold-wet conditions but 716 negatively related to number of ramets and aboveground biomass in warm conditions. Relationship 717 between stomatal length and belowground biomass in cold-dry conditions became non-significant as 718 well as the relationship between number of ramets and stomatal density in warm-dry conditions. In 719 contrast, stomatal density relationship with number of ramets and aboveground biomass became 720 significant in dry environments. Selection differentials of net photosynthetic rate as well as specific leaf 721 area remained consistent with directional selection gradients. All these 15 significant results except two 722 (number of ramets with osmotic potential and SLA) became non-significant after Bonferroni correction 723 (Table 3) . Nevertheless, the relative importance of phenotypic plasticity and genetic differentiation in given traits 733 strongly differs among species as well as among studied climatic factors. All the previous studies used 734 populations across either temperature or precipitation gradient for simulation of climate change. Our 735 study, however, demonstrated that also the interaction between temperature and moisture is very 736
important. 737
We also tested the importance of ecophysiological traits in our study by relating them to plant 738 fitness. We found many significant relationships indicating that changes in the ecophysiological traits 739 may affect plant fitness and thus species ability to respond to climate change. However, it is important 740 to keep in mind that most of the significant relationship were rather weak, suggesting that the strength 741 of the relationships needs to be carefully considered when interpreting the results. Nevertheless, the 742 strengths of the relationships correspond to the strengths detected previously (e.g. ( Harris 2013). According to these traits, the plants were the most stressed in cold-wet target conditions, 758 and the least stressed in dry and particularly in the cold-dry conditions. All these traits were affected by 759 temperature, moisture and their interaction, but the main driver of the differences between plants used relatively short moisture gradient. We suggest that target moisture in our study did not affect 784 osmotic potential because the plants never suffered from severe drought in the experiment. Surprisingly, 785 osmotic potential was significantly affected by temperature and by interaction between temperature and 786 moisture. The lowest values of osmotic potential were detected in the cold growth chambers. It could 787 mean that the plants tried to prevent cold stress through accumulating of osmotic solutes in their leaf 788 cells. Nevertheless, maximum difference between measured values was 0.1 MPa, which probably could 789 have very small effect on plant physiology. 790
Stomatal density and stomatal length showed significant phenotypic plasticity, but especially in 791 case of stomatal density the plasticity was very low. These results differ from previous studies, which 792 used temperature gradient and demonstrated plasticity in stomatal density, but not in stomatal length 793 (Zhang et al. 2012 , Anderson and Gezon 2015). Thus, it seems that degree of plasticity of stomatal traits 794 is species-specific. 795
Altogether, the data on phenotypic plasticity suggest that the plants are able to react to different 796 climatic conditions plastically without significant signs of their damage. Overall, the plants performed 797 the best in dry and warm conditions, but the main driver of plant performance was moisture. 798 799
Genetic differentiation 800
Only three out of the six ecophysiological traits were affected by climate of origin, namely Fv/Fm, 801 stomatal density and stomatal length, indicating genetic differentiation between populations. In case of 802 Fv/Fm, the effect of original conditions (interaction between original temperature and moisture) was 803 negligible as compared to the effect of target conditions. Thus, only stomatal traits showed substantial 804 genetic differentiation between populations. 805 Stomata traits were influenced by original temperature and by interaction between original 806 temperature and moisture. We could expect that plants originating from warmer and/or drier conditions 807 have more abundant but smaller stomata Zhou 2008, Yan et al. 2017 ). This prediction was 808 confirmed only partly in the warm localities, where stomatal density slightly increased with decreasing 809 precipitations. However, in case of this study, it is necessary to consider specificity of our original 810 localities. Our "dry" localities have, in fact, relatively high annual precipitation and our "warm" 811 localities with mean summer temperature of 10.5°C are less stressful for our model plants than the "cold" 812 localities. Thus, our finding of less numerous and bigger stomata in warm localities could be caused 813 simply because plants in these localities have higher photosynthetic rate than plants originating from 814 colder localities and thus they do not need to invest to more numerous stomata to try to compensate 815 photosynthetic rate by higher intake of CO2. Similarly, plants could produce the highest stomata density 816 at coldest-wettest locality as they have enough water there and they need to maximize effectiveness of 817 photosynthesis. In case of temperature, the effect could be also enhanced by different altitudes of origin. 818 14 Stomatal density can be higher in colder conditions as it increases with decreasing CO2 concentration 819 (Woodward et al. 2002) , i.e. with increasing altitude and thus decreasing temperature. Stomatal density 820 can also increase because of increased solar radiation intensity in high altitudes (Yan et al. 2017) . 821
Possible importance of other environmental factors for trait differentiation was also shown in a study 822 exploring adaptive differentiation using molecular markers and quantitative traits in the same study 823 system ( (Stojanova et al. 2018 ). Nevertheless, Stojanova et al. (2018) also demonstrated that stomatal 824 density showed (as the only one of many traits) patterns of adaptive differentiation and moreover, the 825 trait also showed strong divergent selection in plasticity. It indicates that the populations originating 826 from different environment have different plasticity (the most plastic populations were those originating 827 from the coldest localities). It could reflect different spatial or temporal heterogeneity of the different 828 environments with the extremely cold conditions being the most heterogenous. Altogether, it indicates 829 that the possibility of adaptation through this trait exists. Nevertheless, specific expression of stomatal 830 traits are probably species and environment-specific because in other studies the effects of genetic 831 differentiation strongly differed between species and study systems (Zhang et al. 2012, Anderson and 832 Gezon 2015, Yan et al. 2017) . 833 834
Interaction between target and original conditions 835
The interaction between target and original conditions represents genetic differences in plasticity 836 between populations (e.g. (Hamann et al. 2016) ). These differences were significant for osmotic 837 potential and stomatal density. This interaction indicates that phenotypic plasticity in these traits could 838 be under selection (Thompson 1991) was higher than those growing in foreign condition. It could probably mean that the plants tried to adjust 848 to novel (stressful) condition. Nevertheless, it is important to take in consideration, that differences in 849 the values between home and foreign conditions in the osmotic potential were only approximately 0.03 850 MPa, which may be too low to have any real effect. We are, however, not aware of any study, which 851 would provide numerical information on the relevance of such a change in the osmotic potential for 852 plant fitness. In case of stomatal density, plants in their home temperature and moisture had smaller 853 stomata than in other combinations, but the mechanism of this effect is unclear. Nevertheless, stomatal 854 density and length showed high level of genetic differentiation and evident differences between 855 populations. It could mean that despite unclear home vs. foreign analysis, the stomatal traits showed 856 15 dependence on plant origin and thus the potential for local adaptation through these traits exists 857 The increased temperature had overall positive effect on the plants, the effect of increased precipitation 868 was negative. Thus, within these photosynthesis-related traits, it seems that the plants will not benefit 869 from general predicted climate change. However, when the effect of changing climate was studied on 870 growth-related traits (Münzbergová et al. 2017), shift to warmer and wetter conditions was beneficial 871 for the model plants. This inconsistency is probably caused by the fact that the most plastic traits 872 presented here were negatively influenced mainly by increasing precipitation. In Munzbergova et al. 873
(2017), the transplantation to wetter conditions decreased plant height and number of ramets, but this 874 effect was mitigated by rising temperature. Thus, plants are likely to profit from rising temperature, but 875 rising precipitation will more or less inhibit this positive effect. 876 877
Relationship of ecophysiological and fitness traits 878
Significant relationship between fitness and ecophysiological traits was found for all traits, which 879
indicates that all of them should be under selection. Nevertheless, the selection seems to be very weak. 880
According to (Becklin et al. 2016), ecophysiological traits could be under strong selection caused by 881 climate change and therefore, we expected that plant fitness is strongly dependent on ecophysiological 882 traits and thus the ecophysiological traits are under strong selection. We were unable to clearly confirm 883 this prediction. One of the possible reasons is that despite long climatic gradients in our study system, 884
we lack variance around mean values of temperature and precipitations, which could represent extreme 885 conditions (e.g. extremely high summer temperature in combination with drought). Most studies which 886 demonstrated selection on ecophysiological traits used systems with natural or simulated precipitation 887 gradients where the plants were exposed to extreme drought (e.g. between traits and species. Another possible reason why we found weak relationship could be incorrect 890 selection of fitness proxies. But for the reasons described in methods, we assume that number of ramets 891 and biomass are good fitness proxies in our system. 892
Despite weak significant results, we found negative relationships of net photosynthetic rate with 893 fitness in two contrasting environments -in warm-wet and cold-dry conditions. Usually, net 894 photosynthetic rate is positively correlated with biomass production (Peng et al. 1991), but they can 895 become decoupled under additional stress that affects assimilate allocation strategies, such as nutrient 896 or water limitation and in our case also likely water access. Fv/Fm was positively selected in cold-wet 897 conditions and negatively selected in warm environments denoting light-induced stress under potentially 898 hypoxic soil conditions. Stomatal density had no effect on fitness in wet conditions where the plants 899 could maintain maximum stomatal conductance. But in dry environments, stomatal density was 900 positively selected in cold conditions and negatively in warm conditions, perhaps reflecting the demand 901 for CO2 supply under contrasting photosynthetic rates affected by hypoxia mentioned above, rather than 902 controlling the CO2 supply. The selection for longer stomata in cold environment independent of 903 moisture may indicate optimum water supply as fewer bigger stomata are expected to be less costly 904 than numerous small stomata (Franks et al. 2009 ). 905
For osmotic potential, we found negative selection in warm-dry conditions and positive 906 selection in the remaining environments. The expected, but only slightly negative, selection in warm-907 dry conditions represents a typical response to drier environment (Bartlett et al. 2014). In the other 908 climatic conditions, the lack of any water deficit suppressed any differentiation in osmotic potential. 909
We found positive selection for SLA in warm-dry environment. The selection for higher SLA 910 suggests optimum growth conditions and indicates that the higher SLA promoted resource allocation to 911 vegetative spread. 912 913
Conclusions 914
Our main aim was to understand the importance of ecophysiological traits in response of F. rubra to 915 climate change. This study showed high level of phenotypic plasticity in all the traits with the highest 916 levels in photosynthesis-related traits. Populations originating from different climatic conditions were 917 also genetically differentiated in stomatal traits. Thus, the importance of plasticity and genetic 918 differentiation strongly differs between traits. Moreover, specific reactions were dependent on original 919 as well as target temperature, precipitation and their interactions. It demonstrates the importance of 920 studying these factors simultaneously. 921
The ecophysiological traits suggest that the populations are able to cope with climate change 922 through plastic response, but it seems that they will probably need genetic adaptation primarily to wetter 923 conditions to maintain their fitness in a long run. We found differences between populations, which 924 could demonstrate a possibility of adaptation to novel conditions, especially in combination with 925 interaction between genotype and phenotype. However, despite a range of significant relationships 926 between ecophysiological and fitness traits, the relationships were quite weak. The strength of the 927 relationships thus need to be very carefully considered in each case to assess biological relevance of the 928 patterns observed. 929
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